I DENTIFYING INDIVIDUALS WHO ARE
at increased risk of sudden cardiac death is a major challenge. 1 Observational studies suggest that depressive symptoms and major depression are associated with an increased risk of coronary heart disease (CHD)-related mortality in patients with [2] [3] [4] [5] [6] [7] and without [8] [9] [10] [11] [12] [13] [14] [15] prior clinical CHD. Alteration of the imbalance between sympathetic and parasympathetic tone has been described in depressed subjects, yielding the possibility that this population may be at particular increased risk of sudden cardiac death. 16, 17 However, the relationship between depressive disorders and sudden cardiac death has received limited attention. 4, 18, 19 Prior studies suggested an association between depressive disorders (depression or depressive symptoms) and sudden death or arrhythmic death, but have been limited by few cardiac arrest (CA)related events. These studies 4, 18, 19 have been conducted in select populations, including individuals with CHD or elderly subjects. To our knowledge, the association of out-of-hospital CA in the general population and the possibility of a graded relationship between more severe depression and increased risk of sudden cardiac death has not previously been explored.
We investigated whether the presence and the severity of physician-diagnosed clinical depression was associated with sudden cardiac death overall and in various demographic (age group and sex) and clinical (subjects with and without cardiac disease) subgroups. To address these questions, we used data from a large population-based case-control study of risk factors for out-of-hospital CA.
METHODS

STUDY DESIGN AND SUBJECTS
The setting of the study was the Group Health Cooperative of Puget Sound, a health maintenance organization (HMO) with more than 400 000 enrollees based in western Washington State. The design of the study has been previously described. 20 Cases Cases (n=2228) were Group Health Cooperative enrollees aged 40 to 79 years who experienced incident out-of-hospital CA from presumed ventricular fibrillation due to heart disease between January 1, 1980, and December 31, 1994 . Out-ofhospital CA was defined operationally as the occurrence of a sudden pulseless condition without a known noncardiac condition. Out-of-hospital CA events were initially identified from the emergency medical service incident reports of Seattle and King County, Washington, or the HMO's death records. For all possible CA events initially identified, the ambulatory medical record of the HMO was reviewed to determine whether a potentially life-threatening noncardiac condition existed before the CA. As part of the case definition, we excluded subjects who had had prior life-threatening noncardiac conditions, including metastatic cancer, brain tumor, end-stage renal disease, liver disease, or respiratory failure. We also excluded enrollees who had been enrolled in the HMO for less than 1 year or had fewer than 4 visits for ambulatory care before their event date. The value for the classification of CA based on the emergency medical service incident reports plus ambulatory care medical records compared with death certificates plus ambulatory care medical records was 0.9. The index date for cases was defined as the date of the CA.
Controls
Controls (n=4164) were a stratified random sample of Group Health Cooperative enrollees, in whom the strata were defined by calendar year, age (decade), sex, and treatment with digoxin or nitroglycerin. The ratio of controls-cases was approximately 2:1.
Stratification by the use of digoxin or nitroglycerin served as a proxy for heart disease in the sampling of controls, because this information was available through automated pharmacy records for all enrollees. However, as stated later, we used ambulatory medical record data for the final classification of each case and control with regard to the presence or absence of prior physician-diagnosed heart disease.
Control subjects had the same exclusion criteria as cases, and they did not experience CA. An index date was assigned randomly to controls from the distribution of case index dates.
DATA COLLECTION
Ambulatory medical records of the HMO were reviewed to identify comorbid conditions and to collect clinical characteristics before the index or event date. The record includes not only notes from the ambulatory care visits but also results (and dates) of discharge summaries of hospitalization, consultant reports, and responses to annual HMO questionnaires and updated medical problem lists. The HMO computerized pharmacy database was used to assess medications. This database includes nearly all prescriptions filled for enrollees since 1976. Previous surveys suggest that 98% of all prescriptions for enrollees were filled at pharmacies included in the database. 21
ASSESSMENT OF CLINICAL DEPRESSION
A subject was classified as having clinical physician-diagnosed depression (referred to as clinical depression) if a physician reported the diagnosis of depression in the medical record within the year of the index date or if the enrollee was being treated with antidepressant medication at the index date based on the automated pharmacy data. We also used information on referral to a mental health clinic and hospitalization for depression in the year before the index date and defined 4 mutually exclusive categories of severity of clinical depression: (1) no clinical depression, (2) clinical depression without referral to a mental health clinic or hospitalization for depression in the prior year, (3) clinical depression with referral to a mental health clinic but without hospitalization for depression in the prior year, and (4) clinical depression with referral to a mental health clinic and hospitalization for depression in the prior year. Because only 13 subjects met the criteria for category 4, they were grouped together with subjects from category 3.
DATA DEFINITIONS
Physician-diagnosed heart disease was defined through review of the HMO medical record up to the index date, and included physician-recorded myocardial infarction, angina pectoris, congestive heart failure, valvular heart disease, arrhythmias, syncope, cardiomyopathy, arteriosclerotic heart disease, coronary artery bypass, or coronary angioplasty. Body mass index was defined as the weight in kilograms divided by the square of height in meters. Hypertension was defined as physician diagnosis of high blood pressure and treatment with antihypertensive medications. Diabetes mellitus was defined as physiciandiagnosed diabetes mellitus treatment with insulin or oral hypoglycemic agents. Heavy alcohol consumption was defined as consumption of 4 or more drinks per day.
STATISTICAL ANALYSIS
Analyses were conducted overall and separately in subjects with and without physician-diagnosed heart disease. We used conditional logistic regression to estimate the odds ratio (OR) of outof-hospital CA associated with the presence of clinical depression in the year before the index date, compared with subjects without clinical depression. Analyses were systematically adjusted for cigarette smoking, heavy alcohol consumption, physician-diagnosed hypertension and diabetes mellitus, and history of myocardial infarction and congestive heart failure, because these variables were available for nearly all subjects. We assessed potential interactions of clinical depression with heart disease, age (Ն70 or Ͻ70 years), and sex by the addition of interaction terms into the multivariate models. To investigate whether the OR of out-of-hospital CA increased with increasing severity of clinical depression, we estimated the multivariate-adjusted OR of the last 2 categories of severity as defined previously, and calculated the P value for linear trend across these 2 indicator variables, taking subjects without clinical depression as the reference. All analyses were performed using SAS statistical software, version 8.2 (SAS Institute Inc, Cary, NC). Table 1 compares the characteristics of cases and controls overall and according to physician-diagnosed heart disease status. The total sample consisted of 6392 subjects, 3641 with and 2751 without prior heart disease; 92.9% of the subjects were white. Given the stratified random sampling of controls, the sex distribution and mean age were similar in cases and controls. As expected, cases had a less favorable pattern of cardiovascular risk factors than did controls, in subjects with and without heart disease. While case and control sampling was stratified by treatment with digoxin and nitroglycerin, the presence of prior clinically diagnosed heart disease from re-view of ambulatory medical records was more frequent among cases than controls (62.9% vs 53.8%; PϽ.001). Overall, clinical depression was more common in cases than in controls, and in subjects with and without prior heart disease (PϽ.001 for all). More severe clinical depression, as defined by referral to a mental health clinic or hospitalization for depression within the prior year, was also more frequent in cases than in controls. Table 2 compares the characteristics of controls with and without clinical depression. Subjects with clinical depression were older on average; had higher rates of unemployment; were more likely to be involved in a clerical occupation; were more likely to be current smokers, diabetics, hypertensive, and have congestive heart failure; and had a higher mean pulse rate at rest. In contrast, heavy alcohol consumption, body mass index, and total cholesterol level did not differ between the 2 groups. Similar results were observed in analyses stratified by physician-diagnosed heart disease (data not shown). The presence of clinical depression was associated with a higher risk of out-of-hospital CA in the absence and presence of prior physician-diagnosed heart disease (Table 3) , although the magnitude of the association was somewhat greater in subjects without than with heart disease (P=.13 for the interaction). Similar trends for those with and without clinical heart disease were observed in both sexes and both age categories (data not shown). 
RESULTS
GENERAL CHARACTERISTICS
CHARACTERISTICS OF CLINICALLY DEPRESSED AND NONDEPRESSED SUBJECTS
ESTIMATED OR OF OUT-OF-HOSPITAL CA FOR CLINICAL DEPRESSION
INCREASING SEVERITY OF CLINICAL DEPRESSION AND OR OF OUT-OF-HOSPITAL CA
The estimated risk of out-of-hospital CA increased in a graded manner with clinical markers of severity of clinical depression (Figure) . Compared with subjects without clinical depression, the risk of CA was increased in subjects with less severe clinical depression (neither referral to a mental health clinic nor hospitalization for depression) (OR, 1.30; 95% CI, 1.04-1.63) and further increased in subjects with severe clinical depression, as defined by referral to a mental health clinic and/or hospitalization for depression in the prior year (OR, 1.77; 95% CI, 1.28-2.45) (PϽ.001 for trend). After the exclusion of nonclinically depressed subjects, severely clinically depressed patients with referral and/or hospitaliza-tion for depression in the prior year had a tendency to have a higher risk of CA compared with less depressed subjects (OR, 1.36; 95% CI, 0.93-2.00). Overall, analysis of the severity of clinical depression yielded similar results in subjects with and without physiciandiagnosed heart disease (data not shown).
COMMENT
In this large, population-based, case-control study, the presence of clinical depression was associated with a higher risk of out-of-hospital CA due to heart disease. The association persisted after adjustment for other cardiovascular risk factors, and was evident across demographic subgroups and in subjects with and without phy- sician-diagnosed heart disease. Severity of depression, as reflected by referral to a mental health clinic and hospitalization for depression, was associated with further increase in risk of out-of-hospital CA.
Our findings are in agreement with those of the few prior studies 18, 19 that suggest an association between depressive disorders and sudden cardiac death. In the Canadian Amiodarone Myocardial Infarction Arrhythmia Trial, 18 consisting of survivors of a recent myocardial infarction, depressive symptoms were associated with sudden death during a 2-year follow-up (relative risk, 2.45; 95% CI, 1.14-5.35) (34 events). In another study 4 of patients after myocardial infarction, depression was associated with a higher risk of cardiac death (19 events, including 11 arrhythmic-related deaths) over 18 months of follow-up (OR, 6.64; 95% CI, 1.8-25.1). However, in these 2 studies, the presence of depressive disorders was evaluated after the onset of myocardial infarction, yielding the possibility that the association between depressive disorders and sudden cardiac death (or arrhythmicrelated death) was secondary to myocardial infarction. In a prospective cohort of healthy Finnish elderly men and women, depressive symptoms at baseline were associated with sudden cardiac death but not with nonsudden cardiac death over 8 years of follow-up, with nearly a 3-fold increase in the risk after adjustment for CHD risk factors (38 events). 19 However, this study was restricted to elderly individuals 70 years or older.
These previous studies examined selected populations (those after myocardial infarction or those Ͼ70 years) and had a limited number of sudden cardiac deaths (Ͻ40 events). The present study, with 2228 CA events, extends these previous observations by demonstrating the association of physician-diagnosed depression with outof-hospital CA in a large population with a wide range of demographic and clinical characteristics. Higher risk was observed in elderly men and women and in middleaged subjects (Ͻ70 years). In addition, an association was found in patients with and without prior heart disease. The result in this latter population (those free of prior heart disease) minimizes the possibility that diagnosed cardiac disease accounts for the association between clinical depression and out-of hospital CA. Furthermore, our findings suggest a dose effect whereby the risk of outof-hospital CA increases with increasing severity of clinical depression, which has not previously been investigated.
The findings are strengthened by the robustness of our results. The association between clinical depression and out-of-hospital CA remained highly significant after adjustment for major CHD risk factors. Additional adjustment for total cholesterol level and body mass index did not alter the results. Likewise, further adjustment for more specific risk markers of sudden death, including resting pulse rate, did not alter the results substantially. 22 A previous case-control study 11 suggested that the use of tricyclic antidepressant medication was associated with sudden cardiac death. However, the respective contribution of depression and tricyclic agents was not investigated in that study. In the present report, exclusion of persons actively taking antidepressant medication (277 subjects, 82.2% of whom were taking tricyclic agents) did not change the association between clinical depression and out-of-hospital CA, suggesting that depression is an independent risk factor for CA.
Several mechanisms have been suggested to explain the association between depression and CHD-related mortality, including sudden death. In the present study, adjustment for major CHD risk factors decreased the association under investigation (from 1.88 to 1.43; however, the association remained highly significant), suggesting that atherosclerosis may in part be implicated. Moreover, alteration of the cardiac autonomic response, including a decrease in heart rate variability, has been reported in patients with depression recovering from myocardial infarction. 16, 17 Low red blood cell membrane levels of -3 polyunsaturated fatty acids, which are associated with an increased risk of sudden cardiac death, 23 have also been reported in patients with major depressive disorders. 24 Poor adherence to treatment, especially in depressed patients recovering from myocardial infarction, might also be involved. 25 Finally, clinical depression may be associated with unhealthy lifestyle habits, such as smoking and physical inactivity, which in turn increase the risk of out-of-hospital CA. However, in the present study, the association between clinical depression and out-of-hospital CA persisted even after adjustment for smoking status.
The present study has several strengths. It includes many out-of-hospital CA events and was, thus, sufficiently powered to detect association. We identified all cases of out-of-hospital CA within a defined population and minimized potential misclassification of out-ofhospital CA due to noncardiac causes by reviewing ambulatory care medical records, emergency medical services' incident reports, death certificates, medical examiner reports, and autopsy reports. Cases and controls were selected from the same population of HMO enrollees and 
Figure.
Clinical markers of the severity of clinical depression and multivariate-adjusted risk of out-of-hospital cardiac arrest. The odds ratios were estimated by conditional logistic regression and adjusted for smoking status, heavy alcohol consumption, hypertension, diabetes mellitus, and history of myocardial infarction and congestive heart failure. Bars represent the upper limit of the 95% confidence interval of the odds ratio. I indicates those subjects without clinical depression (reference category); II, those subjects with clinical depression without referral to a mental health clinic and without hospitalization for depression; and III, those subjects with clinical depression with referral to a mental health clinic and/or hospitalization for depression in the prior year.
had similar access to care. Furthermore, the use of a staffmodel HMO as the source population and the point of medical and mental health care for cases and controls also minimizes potential sources of bias.
Several limitations to the interpretation of our findings deserve consideration. Depression frequently is unrecognized in primary care. 25 In this study, however, there is no reason to suspect that clinical depression had been systematically and more frequently underestimated among the controls than among cases. Unrecognized depression would be misclassified as not depressed, and this might introduce a conservative bias, reducing the strength of the association between clinical depression and outof-hospital CA. Although we adjusted the association of clinical depression with out-of-hospital CA for a wide range of potential confounders, residual confounding may still have occurred. For example, we had no information on diet and exercise, factors that have been associated with out-of-hospital CA and may be related to depression. Furthermore, despite a detailed review of ambulatory medical records to identify the presence and extent of prior physician-diagnosed heart disease, we cannot exclude the possibility of residual bias due to the presence and extent of unrecognized heart disease in the group of enrollees classified as free of prior physiciandiagnosed heart disease. While we controlled the association between clinical depression and out-of-hospital CA for a wide range of potentially proarrhythmic medications, we had no information on certain medications, including erythromycin or antifungal agents, that are known to prolong the QT interval. Last, the study population was predominantly white and enrolled in an HMO. Thus, extrapolation of the results to other populations should be done with caution.
In conclusion, these data suggest that the presence and severity of clinical depression was associated with higher odds of out-of-hospital CA. To the extent that similar results are observed in other settings, these results may have potential clinical implications with regard to risk stratification for out-of-hospital CA.
